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(54) Apparatus for electro-chenfrical deposition of copper with the capability of in-situ Utennid 
afiiieoiinfl 



(57) The present invention generally provides an 
electro-chemical deposition system that is designed 
wHh a flexible architecture that is expandable to aocxmh 
modate future desgns rules and ^ ffll requirements 
and provides satisfactory throughput to meet Ihe 
demands of other processing systems. The electro- 
chemical deposition system generally comprises a 
matrTframe having a mainframe wafer transfer robot a 
loading station disposed in connection with the main- 
frame, a rapid thermal anneal dhanter disposed a^a- 
cent the loading elation, one or more prooeesing cells 
disposed in connection with the mainframep and an 
electrolyte supply fluidly connected to Ihe one or more 
electriori processing celts. One aspect of the invention 
provides a post electrochemical deposition treatment 
such as a rapid thermal annealireatment for enhancing 
deposition results. Preferably, the electro-chemical dep- 
osition system Includes a system controller adapted to 
control the electro-chemical deposition process and the 
components of the electro-chemical deposition syst«a 
including the rapid thennal anneal chamber disposed 
Bcfacent the loading station. 
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Dascrlptloti 

[0001] The present invention generaOy reiatee to 
depoeHion of a metal layer onto a wafer/eubstrate. More 
partlGularlx the present Invention relates to an etectro- 
diemical deposition system or electroplating system for 
forming a metal layer on a wafer/sut)5trate. 
[0002] Suk>-quarter micron, multi-ievel metaOization 
is one cf tiie key tsctinologies for ttie next generation of 
ultra large scale Integration (ULBI). The muHlleral inter- 
connects that Ge at the heart of this technology require 
planarization of interconnect features formed in hlg^ 
aspect ratio aperturee, including contacts, vias, tines 
and other features. Reilatde formation of these Interoon- 
nect features is very important to the success of ULSI 
and to the continued effort to increase circuit density 
and quality on individual sii>strates and dia 
[OOOq As circuit densitiee increase, the widths of 
vtas, contacts and other fsatures, as weD as the dielec- 
tric materials between thOT, decrease to lees than 250 
nanometers, whereas the thickness of Ihs dfelectric lay- 
ers remains substantiaBy constant with the result that 
the aspect ratloe for the features, i.e., their height 
divided by width, increases. Many traditlorral depositksn 
processes, such as physical vapor deposition (PVD) 
and chemical vapor dapositton (CVD), havediffkultyfBI- 
Ing structures where the aspect ratio exceed 4:1, and 
particulariy wh^e it exceeds 10:1. Therefore, there is a 
great amount of ongoing effort being directed at the for- 
mation of void-free, nanometer-sized features having 
high aspect ratios wherein the ratio of feature height to 
feature width ^ be 4:1 or higher. Additfonally. as the 
feature widths decrease, the device current remains 
constant or increases, which resURs in an increased 
cun'ent density in the feature. 
[0004] Elemental aluminum (Al) and Hs alloys have 
been the traditional metals used to form lin^ and plugs 
in semiGonducfeor processing because of aluminum's 
perceived low electrical resistivity, its superior adhesfon 
to silicon dioxide (Si02), its ease of pattming, and the 
ability to obtain it in a ftighty pure form. However, alumi- 
num has a higher electrical resistivity than other more 
conductive metals such as copper, and aluminum also 
can suffer Urom electromlgration leading to the Ibnration 
of voids in the conductor. 

[0005] Copper and Its alloys have lower resistivities 
than aluminum and signif icantty higher electromigration 
resistance as compared to aluminum. These character- 
isti<» are important for supporting the higher current 
densities experierKsed at high levels of Integration and 
increase device speed. Copper also has good thermal 
conductivity and is available in a highly pure state. 
Therefore, copper is becomir^ a choice metal for fifling 
sub-quarter mrcroa h^h aspect ratio interconnect fea- 
tures on semiconductor substrates. 
[0008] Deepite the desirability of using copper for 
semiconductor device fabrioatfon, choices of fsbrteatlon 
methods for depositing copper site very high aspect 



ratio l^res, such as a 4:1 , having 0.3S|i (or less) wide 
vias are limited. As a result of these process linitafions, 
plating, which had prevloi^ been limited to the febrlca- 
tion of lines on circuit boards, is just now being used to 

g fli vias and oontads on semioondudor devices. 

[0007] Metal electroplating is generally known and 
can be achieved by a variety of techniques. A typical 
method generally comprises physical vapor depositing 
a barrier layer over the feature surfaces, physfoal vapor 

10 depositing a oonducHve nwlal seed layer, prefsraftdy 
copper, over the banier layer, and then dectioplating a 
conductive metal over the seed layer to fill the struc- 
ture/feature. Finally, the deposited layers and the dielec- 
tric layers are planarteed, such as t>y chemical 

75 mechanical polishing (CMP), to define a cmluctive 
interconnect feattfe. 

[0008] Figure 1 is a cross sectional view of a simpli- 
fied tMMcal fountain plater 10 incorporat i ng contact pins. 
Generally, tiie fountain plater 10 Indudes an electrolyte 

20 container 12 havir^ a tcp opening, a substrate holder 
14 disposed above the etedrolyte container 12, an 
anode 16 disposed at a bottom portion of the electrolyte 
container 12 and a contact ring 20 contacting the eub- 
strate 22. A plurality of grooves 24 are formed in the 

25 lower surface of tiie substrate holder 14. A vacuum 
pump (not shown) is oot4)led to the substrate holder 1 4 
and communicales witti the grooves 24 to create a vac- 
uum condition capable of securing the substrate 22 to 
the sufc)strate holder 14 during processir^. The contact 

3a ring 20 comprises a plurality of metallic or semi-metaHic 
contact pins 26 distributad about the peripheral portion 
of the substrate 22 to define a central substrate plating 
surtaca The plurality of contact pirts 26 extend radially 
inwardly over a narrow perimeter portion of the 8Ut>- 

3s strata 22 and contact a conductive eeed layer of the 
substrate 22 at the tips of the contact pins 26. Apcwer 
supply (not shown) is attached to tiie pins 28 thereby 
providing an electrical bias to the sutistrate 22. The sut>- 
slrate 22 is positioned above the cyEndrical electrolyte 

40 container 1 2 and electrolyte flow impinges perpemficu- 
larly on the substrate plating suriaoe efcjnng operation of 
tiie cell 10. 

[OOOq While present 6af electroplating cells, such 
as the one shown in Figure 1. achieve acceptable 
4S results on larger scale sutsstrates, a number of ok>sta- 
des impair consent refiatsle electroplating onto sut>- 
^tes having micron-sized, high aspect ratio featuree. 
Generally, these otsstadas Indude providing uniform 
power distribution and cun'ent denstty across the sub- 
so strata plating suriace to fn^m a metal layer having uni- 
form thidcness, preventing unwanted edge and 
tiackside deposition to control contamination toihe sub- 
strate beir^ processed as well as subseqi^ sut)- 
slraies, and maintaining a vacuum condition which 
ss secures tiie sut)strate to tiie sut>strate holder during 
processing. Also, the present day electroplating cells 
have not provided satistbctory throughput to meet the 
demands of other processing systems ani are not 
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designed wHh a flexible architecture that is expandable 
to accommodate future designs rules and gap fill 
requirements. Furthermore, current electroplating sys- 
tem platbnns have not provided poet electrochemical 
deposition treatment as a rapid thermal anneal b 
treatment, for enhancing deposition resuHs within the 
same system platform. 

[0010] Therefore, there remains a need for an elec- 
tro-chemical deposition system that is designed with a 
flexible archttecture that b expandable to accommodate io 
future designs rules and gap fill requirements and pro- 
vides satlefBCtory Ihrou^iput to meet the demands of 
other pioceesing systems. There is also a need for an 
eiedro-chemlcai deposition system that provides uni- 
fbrm power distribution and cunent density across the is 
substrate plating surface to fomi a m^ l£^ having 
uniform thickness and maintain a vacuum condition 
which secures the sut>8trate to the substrate holder dur- 
ing processing. It would be desirable for the system to 
pre^ andVbr remove unwanted edge and badoide 20 
deposition to control cbntamiration to the sut)strate 
being prcxessed as well as sutssequent sut^strates. It 
would be further desirable for the electro-chemical dep- 
osition system to provide a post electrochemical depo- 
sition treatment such as a rapid themnal anneal 2s 
treatment for enhandng deposition resuHs. 
[001 1 ] The present invention generafly providee an 
electnxhemical deposition system that is designed 
with a flexible architecture that is expandatile to accom- 
modate future designs rules and ^ fil requirements so 
and provides satisliactory througtiput to meet the 
demands of other processing syst^ns. The electro- 
chenrvcal deposition system generally conplses a 
mainframe havir^ a mainframe wafer transfer robot a 
loading station disposed in connection with the main- ss 
frame, a rapid thermal anneal chante disposed acQa- 
cent the loading station, one or more proceesing celle 
disposed in connection with the mainframe, and an 
electrolyte supply fluidly connected to the one or more 
electrical piocessing cells. Preferably, the electnxhem- 40 
leal deposition system Includes a system controller 
adapted to control the electro-chenrtical deposition proc- 
ess and the components d the eledro-chemical depo- 
sition system, inducfing the rapid th^rnal anneal 
chamber disposed adjacent the loading station. 4S 
[0012] One aspect of the Invention provides an 
electro-ch&nfcal deposition system that provides uni- 
form power distribution and current density across the 
substrate plating surface to fonn a m^ layer having 
uniform thickness and maintain a vaciAim condition so 
which secures the substrate to the substrate holder dur- 
ing processing. 

[OtnS] Another aspect of the invention provides an 
electro<hemical deposition system that prevents andtor 
remove unwanted edge and backside deposition to con- ss 
trol contamination to the sul^strate l^eing processed ae 
wefi as subsequent substrates. 
[0014] \bt another aspect of the Invention provides 



a post electrochemical depoeition treatment such as a 
rapid thermal anneal treatment for enhanong depoti- 
tlon results. The apparatus tor rapid thermal anneal 
treatment preferably comprises a rapid thermal anneal 
chamber disposed adjacent the loading station of the 
el^ochemical deposition systm. 
iPOIS] 80 thai the manner in which the above 
recited features, advantages and objects of the present 
invention are attained can be understood in detaO. a 
more particular description of the Invention, briefly sum- 
marized above, may be had t>y reference to the embod- 
iments thereof which are iHustrated In the appended 
drawffi^ 

[P016] It Is to be noted, however, that the appended 
drawings iustrate only typical embodiments of this 
invention and are therefore not to be considered limiting 
of its scope, for the invention nuiy admit to other equally 
effective emtxxfiments. 

Rgure 1 is a croee sectional view of a sinrplified typ- 
ical fountain plater 10 Incorporating contact pins. 
Rgure 2 a perspedive view of an electroplating 
system platform 200 of the invention. 
Rgure 3 is a schematic view of an electroplattng 
system platform 200 of the invention. 
Rgure 4 is a schematic perspective view of a sf^n- 
rinse^Jry (SRD) module of the present invention, 
incorporating rinsing and dissolving fluid inlets. 
Rgure 5 Is a side cross sectional view of the spin- 
rinse-dry (SRD) module of Figure 4 and shows a 
substrate In a processing position vertically db^ 
posed b^ween fluid inl^ 
Rgure 6 is a cross sectional view of an electroplat- 
ing process cell 400 according to the invention. 
Rgure 7 is a partial aoss sectional perspective 
view of a cathode contact ring. 
Rgure 8 is a cross sectional perspective view of the 
cathode contact ring showlrQ an aitemativa 
ernt)odiment of contact pads. 
Rgure 9 is a cross sectional perspective view of the 
cathode contact ring ahowino an alternative 
embodiment of the contact pads and an isolalion 
gasket 

Rgure 10 is a cross sectional perspective view of 
the cathode contact ring showing the Isolation gas- 
ket. 

Rgure 11 is a simplified schematic dagram of the 
electrical circuit representing the eledroplaling sys- 
tem through each contact pin. 
Rgure 12 a oogs secltonal view of a wafer 
assembly 450 of the invention. 
Rgure 12A is an enlarged cross sectional view of 
the bladder area of Figure 12. 
Rgure 13 is a partial cross sectional view of a wafer 
holder ptata 

Figure 14 is a partial cross sectional view of a man- 
Moid. 

Rgure 1 5 Is a parlial cross sectional view of a Uad- 
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der. 

Rgure 16 Is a schematic diagram cf an eledrolyle 
replenishing system 600. 

Rgure 17 is a cross sectional view of a rapid ther- 
mal annsal chambar. 

[0017] Figure 2 is a perspective viaw of an eiectrD- 
plating system platform 200 of the invention. Rgure 3 is 
a schematic view of an electroplating system platiiDnn 
200 of the InventionL Referring to t>oth Figures 2 and 3, 
the electroplating system platfcvm 200 generally com- 
prises a loading station 21 0, a thermsil anneal chamber 
211, a spin-rinse-dry (SRD) station 212 and a rrain- 
trame 214. Preferably, the electroplating system plat- 
form 200 is enclosed in a dean environment using 
panels such as plexiglass panels. The mainframe 214 
generally comprises a mainframe transfer station 216 
and a plurality off processing stations 218. Each 
processing station 218 includes one or more processing 
cells 240. An electrolyte replenishing system 220 is 
positioned adjacent the electroplating system ptatform 
200 and connected to the process cells 240 individually 
to circulate electrolyte used for the electroplating pnoo- 
ess. The electroplating system platform 200 also 
includes a control system 222, typically comprising a 
programmable microprooessor. 
[OOiq The loading station 210 preferably includes 
one or more waf^r cassette receiving areas 224, one or 
more loading station transfer robots 228 and at least 
one wafer orientor 230. TTie number of wafer cassette 
receiving areas. Irading station transfer robots 228 and 
wafer orientor included in the loading station 210 can be 
corrfigured according to the desired throughput of the 
system. As shown for one embodiment in Rgures 2 and 
3, the loading station 210 includes two wafer cassette 
receiving areas 224, two loading station transfer robots 
228 and one wafer orientor 230. A wafer cassette 232 
containing wafers 234 is loaded onto the wafer cassette 
receiving area 224 to introduce wafers 234 into the elec* 
troplating system plattomi. The loading station transfier 
robot 228 transfers wafers 234 between the wafer cas- 
sette 232 and the wafer orientor 230. The loading sta- 
tbn transfer robot 228 comprises a typical transfer robot 
commonly known in the art. The wafer orientor 230 
positions each water 234 in a desired orientation to 
ensure that the wafer Is properly processed. The load- 
ing station transfer robot 228 also transfeis wafers 234 
between the loading station 210 and the SRD station 
212 and between the loading station 210 and the thei^ 
mal anneal chamt}er 21 1 . 

[001 Bl Rgure 4 is a schematic perspective view of a 
^In-rinse-dry (SRD) module of the pr^nt invention, 
incorporating rinsing and dissolving fluid inlets. Rgure 5 
is a side cross sectional view of the spin-rin8e<lry 
(SRD) module of Rgure 4 and shows a substrate In a 
processing position valically disposed between fluid 
inlets. Preferably, the SRD station 212 includes one or 
more SRD modules 236 and one or more wafer pass- 



through cassettes 238. Preferably, the SRD station 212 
includes two SRD modules 236 coresponding to the 
number of loading station transfer robots 228. and a 
wafer pass-through cassette 238 is positioned above 

5 each SRD module 236. The wafer pass-through cas- 
sette 238 facilitates wafer transfer between the loading 
station 210 and the mainframe 214. The wafer pass- 
through cassette 238 provides access to and from berth 
the loading station transfer robot 228 and a robot in the 

10 mainframe transfer station 216. 

[P02Cq Refemng to Figures 4 and 5, the SRD mod- 
ule 238 Gorrprises a bottom 330a and a sidewail 330b, 
and an upper shield 330c which coflectively define a 
SRD module bowl 330d. where ttie shield attaches to 

IS the sidewail and assists in retaining the fluids within the 
SRD module. Altematively, a removakde cover could 
also be used. A pedestal 336, located in the SRD mod- 
ule, includes a pedestal support 332 and a pedestal 
actiutor 334. The pedestal 336 supports the sub^rate 

20 338 (shown in Rgure 5) onihe pedestal upper suilace 
during processing. The pedestal actuator 334 rotates 
flie pedestal to spin the substrate and raises and lowers 
the pedestal as descri}ed below. The substrate may be 
held in place on the pedestal by a pluraGty of damps 

25 337. The cianps pivot with centriKigal force and engage 
the substrate preferably In the edge eooiusion zone of 
the substrate. In a pr^erred embodiment, the clamps 
engage ttie substrate only when ttie substrate lifte off 
the pedestal during the processing. N^cuiKn passages 

30 (not shown) may also be used as wefl as other holding 
elements. The pedestal has a plurality of pedestal arms 
336a and 336b, so ttial ttie fluid through the second 
nosude may Impact as much surface area on ttie lower 
surface of the substrate as Is practical. An outlet 339 

55 allows fluid to be removed from ttie SRD module The 
tanns "below-, "above", •tattom". Top". "Up", "aown". 
"upper", and lower" and other posHbnal tenns used 
herein are shown with respect to the embodiments in 
the figures and nf»y be varied depending on the relative 

4D orientation of the proceesing apparatus. 

[0021] Aflrst condutt 346^ through which afirstfluld 
347 flows, is connected to a valve 347a. The conduit 
may be hose, pipe, tube, or dher fluid containing con- 
duits. The valve 347a controls ttie flow of ttie first fluid 

45 347 and rnay be selected ^om a variety of valves Includ- 
ing a needle, globe, butterfly or ottw valve types and 
may include a valve actuator, such as a solenoid, that 
can be controlled wHh a controDer 362. JhB conduit 346 
connects to a first fluid inltf 340 that is located above 

so ttie sub^rate and fricludes a mounting portion 342 to 
attachtotheSRD module and a connecting portion 344 
to attach to the conduit 346. The first fluid iniet is shown 
witti a single first nozzle 348 to deliver a first fluid 347 
under pressure onto ttie substtate upper surGaca l4ow- 

^ ever, multiple nozzle could be ised and multiple fluid 
inlets could be positioned about the inner perimeter of 
ttie SRD module. Preferably, nozzles placed above ttie 
substtate should be outside tiie diameter of ttie sub- 
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6trate to lessen the risk of the nozzles dripping on the 
substrate. The first fluid inlet could be mounted in a 
ety of locations, Including through a cover positioned 
above the substrate. Additionalty, Ihe nozzle masf articu- 
late to a variety of positions using an articulaling mem- 
ber 343, such as a ball and sodt^ joint 
[0022] Similar to the first conduit and related ele- 
m^ts described above, a second conduit 352 is con- 
nected Id a control valve 349a and a second fluid Inlet 
350 with a second nozzle 351. The second fluid inlet 
350 ie ^ouvn beiow the substrate and angled upward to 
direct a second fluid under the substrate through the 
second nozzle 351. Similar to the first fluid inlet the sec- 
ond fluid inlet may include a plurality of nozzles, a pluiai- 
ity of fluid \tMB and mounting locations, and a pluraRy 
of orientations including using the articulating member 
353. Each fluid inlet could be extended into the SRD 
module at a variety of positions. F=or instance, if the flow 
is desired to be a certain angle that Is directed bade 
toward the SRD module perq^hery along the edge of the 
substrate, the nozzles could be extended radiaiiy inward 
and the discharge from the nozzles be cBrected back 
ttiward the SRD module periphery. 
[0023] The controller 362 could individi^iy control 
the two fluids and their respective flow rates, pressure, 
and timing, and any associated valving, as well as ttie 
Spin cycle(8). The controller oould be remotely located, 
fbr instance, in a control panel or control room and ihe 
plumbing controlled with remote actuators. An alterrm- 
tive embodiment shown in dashed Gnes, provides an 
auxiliary fluid inlet 346a connected to the first conduit 
346 with a conduit 346b and having a control valve 
346c which may be used to flow a rinsing fluid on the 
backside of the substrate after the dissolving fluid is 
flown without having to reorient the eubetrate or switch 
the flow through the second fluid Inlet to a rinsing fluid. 
[0024] m one embodiment the ^bstrate ie 
mounted with the deposition surface of the disposed 
1^ up in the SRD module bowl. As will be explained 
below, fbr such an anrangement the first fluid inl^ woUd 
generally flow a rinsing fluid, typicaOydelonized water or 
alcohol. Consequently, the bad^ide of the substrate 
would be mounted f&cing down and a fluid flowing 
through the second fluid intet would be a dissolving 
fluid, sudi as an add, Induding hydrochloric add, suHii- 
ric acid, phosphoric acid, hydrofluoric add, or other dis- 
solving liquids or fluids, depending on the material to be 
dissolved. Altematively, the first fluid and the second 
fluid are both rinsing fluids, such as deionized water or 
alcohol, when the desired process is to rinse the proc- 
essed substrate. 

p)026] m operation, the pedestal is in a raised posi- 
tion, shown In Rgure 4. and a robot (not shown) places 
the substrate, front side up^ onto the pedestal. The ped- 
estal lowers the substrate to a processing position 
where the substrate is vertically disposed b^een the 
first and the second fluid inlets. Generally, the pedestal 
actuator rotates the pedestal between about 5 to about 



5000 rpm, with a typical range between about 20 to 
about 2000 rpm for a 200 mm substrate. The rotation 
causes the lower end 337a of the clamps to rotate out- 
ward about pivot 337b, toward the periphery of the SRD 

0 module sidewal, due to centrifugal fbroa The damp 
rotation forces the upper end 337c of Ihe danp inward 
and downward to center and hdd the substrate 338 in 
position on the pedestal 336. pretMbly along the sub- 
strate edge. The damps may rotate into position without 

10 touching the substrate and hold the substrate In position 
on the pedestal only if the substrate significantly lifts off 
the pedestal during processing. With the pedestal ralat- 
ing Ihe sub^e, a rinsing fluid is delivered onto the 
sid^strate front side through the first fluid inlet 340. The 

IS second fluid, such as an add. Is ddivered to the back- 
side surface through the second fluid inlet to remove 
any unwanted deposits. The dissolving fluid chemicaly 
reacts with the d^ao^ed material and dissolves and 
then flushes the material away from the substrate bade- 

20 side and other areas where any unwanted deposits are 
located. In a prefen'ed embodiment the rinsing fluid is 
adjusted to flow at a greater rate than the dissolving 
fluid to help protect the front side of Ihe substrate from 
the dissolving fluid. TTie first and second fluid inlels are 

25 located for Optimal perfbrmanoedependbig on the Size 
of the sub^e. the respective flow rates, spray pat- 
terns, and amount and type of deposits to be removed, 
among other factors. In some instances, the rinsing fluid 
could be routed to the second fluid inlet after adissolv- 

30 ing fluid has dissolved the unwanted deposits to rinse 
the backside of the substrate. In other ir^ances, an 
auxiliary fluid inlet connected to flow rinsing fluid on the 
badcsideof the substrate oould be ueedto rinse any dis- 
solving fluid residue from the badcsida After rinsing the 

as front side and/or badtside of the substrate, the fluid(s] 
flow is stopped and the pedestal continues to rotate, 
spinning the substrate, and thereby ^fectiyely drying 
thesuriiace. 

[0026] The fluid(s) is generafly delivered in a spray 

40 pattera which may be varied depending on the particu- 
lar nozzle spray pattern desired and may Indude a fan, 
jet conical, and other patterns. One spray pat^ for 
the first and second fluids through the fB&p^OSm fluid 
inletB, when the first f liod is a rinsing fluid, is fan pattem 

45 with a pressure of about 10 to about 15 pounds per 
square inch (psi) and a flow rale of about 1 to about 3 
gallons per minute (gpm) for a 200 mm wafer. 
[0027] TTie invention could also be used to remove 
the unwanted depoAs along the edge of the substrate 

so to create an edge exdusion zone. By acQustment of the 
orientation and placement of the nozzles, the flow rat^ 
of the fluids, the rotational speed of the substrate, and 
the chemical composition of the fluids, the unwanted 
depoeits could be removed from the edge andtor edge 

55 exdusion zone of the substrate as well. Thus, substan- 
tially preventing dissolution of the depoeited material on 
the front side surikoe may not necessarily indude the 
edge or edge SKduslon zone of the substrate. Also, pre- 
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venting dissolution of the deposited material on the liront 
side surface is intended to Include at least preventing 
ttie dissolution so that the front side with the deposited 
material is not impaired beyond a commercial valua 
[0028] One meltiod of aGcx)mpll8Nng the edge 5 
exclusion zone dissolution piocees is to rotate the di^ 
at a slower speed, oich as about 100 to about 1000 
rpm, while dispensing the dissolving fluid on the back- 
side of the substrata The centrHiigal foroe moves the 
dissolving fluid to the edge of the substrate and forms a io 
layer of fluid around Ihe edge due to surface tension of 
the fluid, so ttot the dissolving fluid overlaps from the 
backside to ihe front side in ihe edge area of the sub- 
strate. The rotational speed of the substrate and the 
flow rate of the dissolving fluid may be used to deter- is 
mine the extent of the overlap onto the front skle. For 
instance, a decrease In rotatkmal speed or an increase 
in flow results in a less overlap of fluid to the opposing 
side, e.g., the front side. Additionally, the flow rate and 
flow angle of the rinsing fluid delivered to the front side so 
can bB adjusted to offset the layer of dissolving fluid 
onto the edge and/or frontside of the substrata In some 
instancee, the dissolving fluid may be used initially with- 
out the rinsing fluid to obtain the edge and/or edge 
exclusion zone removal, followed by the rinsing/dissoly^ 2S 
Ing process of the present Invention described above. 
[0029] The SRD module 238 is connected between 
the fading station 210 and the mainframe 214. The 
mainframe 21 4 generally comprises a mainframe trans- 
fer station 216 and a plurality of processing stations so 
218. Referring to Figures 2 and 3. the mainframe 214. 
as ^lown, includes two processing stations 218, each 
processir^ station 218 having two processing cells 240. 
The mainframe tran^r station 216 includes a main- 
frame transfer robot 242. Preferably, the mainframe ss 
transfer robot 242 comprises a plurality of IndivkiuBl 
robot arms 244 that provides independent access of 
wafers in the processing stations 218 and the 8RD sta- 
tions 212. As shown in Rgure 3, the mainframe t ransfer 
rolMt 242 conprises two robot amis 244. correspond- 40 
ing to the number of processing cells 240 per process- 
ing station 218. Each robc^ ann 244 includes a robot 
blade 246 for holding a mfer during a wafer transfer. 
PreferakHy, each robot arm 244 is operable indeisend- 
ently of the other arm to facilitate Independent transfers 4S 
of wafers In the systera Alternatively, the robot arms 
244 operate in a linked fashion such that one robot 
extends as the other robot arm retracts. 
[003Q] Preferably, the mainframe transfer station 
216 Includes a flipper robot 248 that facilitates transfer so 
of a wafer fiom a face-up position on tiie robot blade 
246 of the mainframe transit rotx>t 242 to a face down 
position for a process cell 240 that requires face-down 
processing of wafers. The flipper robot 248 includes a 
main body 250 that provides both vertical and rotational ss 
movements with respect to a vertical axis of ttie main 
body 250 and a flipper robot arm 252 that provides rota- 
tkxial movement along a horizontal axis along the flip- 



per robot arm 252. Preferably, a vacuum suction grippe 
254, disposed at the distal end of the flipper robot arm 
252, holds the water as the wafer is flipped and trans- 
ferred by the flipper rdbcA 248. The flipper robot 248 
positions a wafer 234 into the processing cell 240 for 
face-down processing. The detaOs of the electroplating 
processing eel acooiding to flie Invention will be dis- 
cussed belcw. 

[0031] Figure 6 is a cross sectional view of an elec- 
troplating process ceD 400 aocording to the invention. 
The electroplating process celt 400 as shown in Rgure 
6 is the same as the electroplating process cell 240 as 
shown in Figures 2 and 3. The processing eel 400 gen- 
endly comprises a head assembly 410, a process Mt 
420 and an electrolyte collector 440. Pr^erably. the 
electrolyte collector 440 is secured onto the body 442 of 
tiie mainframe 214 over an opening 443 ttiat defines the 
location for placement of the process kit 420. Ihe elec- 
trolyte oofiector 440 Includes an Inner wall 446, an outer 
well 448 and a bottom 447 connectir^ tiie walls. An 
electrolyte outlet 449 is disposed through the t)ottom 
447 of the electrolyte coHector 440 and connected to the 
electrolyte replenishing system 220 (ehown in Figure 2) 
through tubes, hoses, pipes or otiier fluid transfer con- 
nectors. 

\fiOI3l2H The head assembly 410 is mounted onto a 
head assembly frame 452. The head assemkjiy frame 
452 includes a mounting post 454 and a cantilever arm 
456. Ttie mounting post 454 Is mounted onto ttie ksody 
442 of tiie mainframe 214, and the cantilever arm 456 
extends laterally from an i^sper portion of the mounting 
post 454. Preferably, the mounting post 454 provides 
rotational movement witii respect to a vertical axis along 
tiie mounting post to alow rotation of the head assem- 
bly 41 0. The head assembly 41 0 is attached to a moimt- 
ing plate 460 disposed at the distal end of the cantilever 
ann 456. The lower end of ttie cantilever arm 456 is 
connected to a cantilever arm actuator 457, such as a 
pneumatic cylinder, mounted on ttie mounting post 454. 
The cantilever ann actuator 457 provides piv^ move* 
ment of the cantilever ann 456 wHh respect to the joirit 
between ttie cantilever arm 456 and ttie mounting post 
454. When tiie cantilever arm actuator 457 Is retracted, 
ttie cantilever arm 456 moves the he«l assembly 410 
away from the process Kit 420 to provide the ^)acing 
required to remove and/or replace the process Idt 420 
from the electroplating process cell 400. When ttie can- 
tilever arm actuator 457 is extended, the cantilever arm 
456 moves the head assembly 410 toward ttie paxess 
kit 420 to position the wafer In the head assembly 410 In 
a processing position. 

P)03^ The head assembly 410 generaly com- 
prises a wafer holder assembly 450 and a wafer assem- 
bly actuator 4^. The wafer assembly actuator 458 is 
mounted onto tiie mounting plate 460, and includes a 
head assembly shaft 462 extending downwaidly 
ttirough the mounting plate 460. The lower end of the 
head assembly shaft 462 Is connected to the wafer 
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holder assembly 450 to position the wafer holder 
assembly 450 in a pn)ce8Sing position and in a wafer 
loading position. 

[0034] The wafer holder assembly 450 generally 
oonprises a wafer holder 464 and a cathode contact 
ring 466. Figure 7 is a cross sectional view of one 
embodiment of a cathode contact ring 466 of the 
present invention. In general, the contact ring 466 com- 
prlsBS an annular body having a plurality of oonducting 
members disposed thereon. The annular body Is con- 
structed of an insulating material to electrically isolate 
the plurality of conducting members. Together the body 
and conducting mmbers form a diametrically interior 
substrate seating surface which, during processing, 
supports a substrate and provides a current thereto. 
[0035] Refening now to Figure 7 in detail, the con- 
tact ring 466 generally comprses a plurality ol conduct- 
ing members 765 at least partially disposed within an 
annular Insulative todf 770. The Insulative body 770 is 
shown having a flange 762 and a downward sloping 
shoulder poilion 764 leading to a substrate seating sur- 
face 768 located below the flange 762 such that the 
flange 762 and the substrate seating surface 768 lie in 
offset and substantially parallel pdanes. Thus, the flange 
762 may be understood to define a fust plane while the 
substrate seating surface 768 defines a seoond plane 
parallel to to first plane whe-eln the shoulder 764 is (is- 
posed between the two planea However, contact ring 
design shown in Rgure 7 is Intended to be merely illus- 
trative. In anoth^ embodiment the shoulder portion 
764 may be of a steeper angle Including a substantially 
vertical angle so as to be suttstantialty norrral to both 
the flange 762 and the sut>stratB sealing surface 768. 
AHematively, the contact ring 466 may be siibstantially 
planar thereby elin^'rutting the shoulder portion 764. 
However, for reasons described below, a preferred 
embodiment comprises the shoulder portion 764 shown 
In Figure 6 or some variation thereof. 
|q036] The conducting members 765 are defined by 
a plurality of outer electrical contact pads 780 annularly 
disposed on the flange 762, a plurality of Inner electrical 
contact pads 772 disposed on a portion of the substrate 
seating surface 768, and a plurality of emtiedded oon- 
ducting connectors 776 which Gnk the pads 772, 780 to 
one another The conducting merrt^ers 765 are Isolated 
from one another by the insulative kxxjy 770 which may 
be made of a plastic such as polyvinylidenefluoride 
(PVOn, perfluoroalkDxy resin (PFA). Teflon™, and 
Tefzel''^, or any other insulating matered mich as Alu- 
mina (AiPa) or other ceranfrics. The outer contact pads 
780 are coupled to a power supply (not shown) to 
deliver cun*^ and voltage to the inner contact pads 772 
via the connectors 776 during processing. In tum. the 
inner contact pads 772 supply tlie cun-ent and voltage to 
a sitetratB ty maintaining contact around a perlpharal 
portion of the substrate. Thus, in operation the conduct- 
ing memt)ers 785 act as discrete cun^ent pattis electri- 
cally connected to a substrate. 



IP037] Low resistivity, and conversely high conduc- 
tivity, are directly related to good plating. To ensure low 
resistivity, the oonducting mennbers 765 are preferably 
made of copp^ (Cu). platinum (PQ, tantalum (Ta). tita- 

e nium (TO. gold (Au), silver (Ag). stainless steel or other 
conducting materials. Low resistiviiy and low contact 
resislance may also be achieved bjf coaling the con- 
ducting members 765 with a conducHng material. Thus, 
the conducting members 765 may, for example, be 

10 made of copper (resistivity for copper is approximately 2 
X 10"^ a- m) and be coated with platinum (resistivity fbr 
platinum is apprmdmately 10.6 x 10"^ n*m). Coatings 
such as tantalum nitride (TaN), titanium nitride (TIN), 
ihodium (Rh), Au. Cu. or Ag on a conductive base mate- 

75 rials such as stainless steel, molybdenum (Md), Cu, and 
Ti are also pos8ft)ia Further, since the contact pads 
772, 780 are typically separate units bonded to the con- 
ducting connectors 776, the contact pads 772. 780 may 
comprise one material, such as Cu. and the oonducting 

20 ment)er8 765 another, such as stalnlass steel. EHher or 
both of the patte 772. 180 and conducting conn^tors 
776 may be coated wHh a oonducting material. Addition- 
ally, because plating repeatability may be adversely 
effected by ooddation which ads as an InsulalDr, tiie 

2s inner contact pads 772 pr^rably comprise a material 
resistant to OBddation such aa Pt Ag, or Au. 
[0038] In adtfition to being a function of the contact 
material, the total resistance of each drant is depend- 
ent on the geometry, or shape, of the inner contact Inner 

30 contact pads 772 and the force supplied by the contact 
ring 466. These factors define a oonstricUon resistanoe, 
RcR. at the interface of the inner contact pads 772 and 
the substrate seating surface 768 due to asperities 
between the two surfaces. Qenerally, as the applied 

35 feme is increased the apparent area is also increased. 
The apparent area Is. h tum. inversely related to RcR so 
that an increase in the apparent ar^ results in a 
decreased Rcr- Thus, to nrunimize overall resistance H 
is preferable to maximize forca The maximum fbrbe 

40 applied in operation is limited by the yield strength of a 
substrate whidi may be damaged under axceeslve 
force and resulting pressure. Howev^. because pres- 
sure Is related to both force and area, the maximum 
sustainable force is also dependent on the geometry of 

45 the inner contact pads 772. Thus, wWle the oontad 
piBds 772 may have a flat upper surface as In Figure 7, 
other shapes may be used to advantage For example, 
two preferred ^lapes are shown in Figures 8 and 9. Fig- 
ure 8 shows a knife-edge contact pmd and Figure 9 

so shows a hemispherical contact pad. A person skDled in 
the art wfll readily recognize other shapes which m^ be 
used to advantage. A more complete discussion of the 
relation between contact geometry, force, and resist- 
ance is given in Ney Contact Manual, by Kenneth E. Pit- 

55 ney, The J. M. Ney Company^ 197% which Is hereby 
incorporated ksy reference In Hs entirety. 
[0039] The nunhw of connectors 776 may be var- 
ied depending on the particular number of contact pads 
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772 (shown in Rgure 7) desired. For a 200mm sub- 
strate, preferably at least twenty4our connectors 776 
are spaced equally over 360^. However, as the number 
of connectors reaches a aWcal level, the compliance of 
the substrate relative to the contact ring 4% Is 5 
adveiBely affected. TTierefore, while more than twenty- 
four connectors 776 may be used, contact unifarmlty 
may eventually diminish depending on the topography 
of the contact pads 772 and the substrate stiffness. 
Similarly, while less than twenty-lbur connectors 776 7a 
may be used, current flow is increasingly restricted and 
localized, leading to poor plating results. Since the 
dimenstons of the present invention are readily altered 
to suit a particular application (for example, a 300mm 
substrate}, the optimal number may easily be deter- 75 
mined Ibr varying scales and embodiments. 
[004Q] As shown in Figure 1 0, the substrate seating 
surface 768 comprises an Isolation ga^t 782 d^ 
posed on the InsulalivB body 770 and extending diamet- 
rically interior to the inner contact pads 772 to define the £0 
inner diameter of the contact ring 466. The Isolation 
gasket 782 preferatsly extends slightly atxive the inner 
contact pads 772 (e.^^., a few mils) and preferably com- 
prises an elastomer such as VHon™, Teflon™, buna 
rubber and the like. Where the insulative body 770 also 25 
comprtees an ela^omer the Isolation gasket 782 nny 
be of the same material. In the latter embodiment, the 
isolation gasket 782 and the insulative body 770 may be 
monolithic Le^, formed as a single pieca However, the 
isolation gasket 782 is preferably separate from the 30 
Ir^ulative body 770 80 that It may be easily removed Ibr 
replacement or cleaning. 

[0041] While Figure 10 shows a preferred enrtofi- 
ment of the ^atbn gasket 782 wherein the lsolatk)n 
gasket is seated entirely on the insulative body 770, Rg- 3S 
ures 6 and 9 show an alternative embodiment In the lat- 
ter embodiment the insulative body 770 is parSaliy 
machined away to expose the upper surface of the con- 
necting member 776 and the isolation gasket 782 is dis- 
posed thereon. Thus, the isolation gasket 782 contacts 40 
a portion of the connecting member 776. Thfe design 
requires 1^ material to be used for the inner contact 
pads 772 whteh may be advantageous where material 
costs are significant such as when the inner contact 
pads 772 comprise gold. Parsons skilled In the art will 4S 
recognize other embodiments which do not depart Itom 
the scope of the present invention. 
[0042] During prcx^essing. the isolation gasket 782 
maintains contact with a peripheral portion of the sub- 
strate plating surfeoe and is compressed to provide a so 
seal between the remaining cathode contact ring 466 
and the substrata The seal prevents the electrolyte 
from contacting the edge and backside of the substrata 
As noted above, maintaining a dean contact surEace is 
necessary to achieving high plating repeatat^flity. PrevI- 55 
ous contact ring desigr^ did not provide consist plating 
results because contact ^rface tcpograpliy varied over 
time. The contact ring of the present inventbn eflmt- 



nates. or least minimizes, deposits which would other- 
wise accumulate on the inner contact pads 772 and 
change their characterlsttes thereby producing highly 
repeatable, consistent, and uniform plating across the 
sut)strate plating surface. 

[004^ Figure 1 1 is a simplified schematic diagram 
representing a possible conflguratton ol the electrical 
circuit lor the contact ring 4^. To provide a unifbrm cur- 
rent distribution tietween the conducting members 765, 
an external resistor 700 is connected in series with each 
of the condudsig members 765. Preferably, the resist- 
ance value of tiie sKternal resistor 700 (represented as 
Rexi) is much greater than the resistance of any other 
component of tiie drculL As shown In Figure 11, the 
electrical circuit through each conducting member 765 
is represented by the resistance of each of the compo- 
nents connected in series wl^ the power supply 702. 
Re represents the resistance of the electrolyte, which is 
typteally dependent on the distance k)elween the anode 
and the cathode contact ring and the composition of the 
electrolyte chemistry. Thus. represents the restet- 
ance of the electrolyte acf acent the substrate plating 
surface 754. Rs represents the resistance of the sub- 
strate plating surface 754, and Rc represents the resist- 
ance of the cathode conducting members 765 plus tiie 
oonstrictton resistance resulting at the interiace 
between the inner contact pads 772 and the substrate 
plating layer 754. Qenerally, tiie resistance value of the 
external resistor (Recr) is at least as mudi as ZR 
(where £R equals the sum of R^. Ra. Rs^ Pi^- 
erably, the resistance value of tiie external resistor 
(^Bcr) is greater than £R such that £R Is negligi- 
Isle and the resistance of each series circuit approxi- 
mates Rext 

[0044] TypicaBy, one power supply is connected to 
aO of the outer contact pads 780 of the catiiode contact 
ring 466, reeulting In parallel circuits through the inner 
oontact pads 772. However, as the Inner contact pad^o- 
substnate interface resistance varies with each inner 
oontact pad 772, more cun-ent will flow, and thus more 
plating will occur, at tiie site of lowest resistance. How- 
ever, by placing an external resistor in series witti each 
oonducting member 765, tiie value or quantity of electri- 
cal cun-ent passed through each conducting member 
765 becomes controlled mainly by the value of the 
external resfstor. As a result the variations in the elec- 
trical properties between each of tiie inner contact pads 
772 do not affect tiie (went distribution on tiie sut>- 
strate, and a uniform current density results across the 
plating suriiace which contributes to a uniform plating 
tiiickness. The external resistors also provide a uniform 
current distribution between different substrates of a 
process-sequenca 

I004q Although tiie oontact ring 466 Of tiie present 
invention Is designed to resist deposit buildup on the 
inner contact pads 772, over multiple substrate plating 
cycles the substrate-pad Interiace resistance nmy 
increasei eventualy reaching an unacceptable value. 
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An electronic sensor/alarm 704 can be conneded 
acro66 the external reeistor 700 to monitor the volt- 
age/airrent across the external resistor to address this 
problem. If the voHage/cun-ent across the external resis- 
tor TOO falls outside of a preset operating range that Is c 
indicative of a high subetrate-pad resistance, ihe een- 
sor/alami 704 triggers oon*ective measures such as 
shutting down the piating process untO the problems are 
corrected by an operator. Alternatively; a separate 
power supply can be connected to each conducting jo 
member 765 and can be separately controlled and mon- 
itored to provide a uniform current distribution across 
the substrate. A very man system (VSS) ray also be 
used to modulate the current flow. Ttie VSS typically 
oomprisas a processing unit and any oonMnation of is 
devices known In Ihe industry used to supply andA>r 
control cuo'snt such as variat)le reastors. separate 
power supplies, etc. As the physiochemical. and hence 
electrical, properties of the inner contact pads 772 
change over time, Ihe VSS processes and analyzes 20 
data feedback. The data is compared to pre-estabfehed 
setpoints and the VSS tfien makes appropriate current 
and voltage alterations to ensure uniform deposition. 
[0046] Referring to Figure 6 and Figure 12. prefera- 
bly, the wafer holder 464 is positioned above the cath- 2s 
ode contact ring 466 and comprises a bladder asserrMy 
470 that provides pressure to the backside of a wafer 
and ensures electrical contact between the wafer p^- 
Ing surface and the cathode contact ring 466. The inflat- 
able bladder assembly 470 is disposed on a wafer so 
hoMer plate 832. A bladder 836 disposed on a tower 
surliace of the wafer holder p^e 832^ is thus located 
opposite and adjmsent to the contacts on the cathode 
contact ring 466 with Ihe sLi>strate 821 interposed ther- 
ebetween. A fluid source 838 supplies a fluid, Le., a gae ^ 
or liquid, to the bladder 836 aflowbig the bladder 836 to 
be inflated to varying degrees. 
[0047] Referring now to Figures 12. 12A, and 13, 
the d^le of the bladder assembly 470 wfll be dte- 
cussed. TTie wafer holder plate 832 is ^own as ^ 40 
stantially disc-shaped having an annular recess 840 
formed on a lower surface and a centrally disposed vac- 
uum port 841. One or more inlets 842 are fbmied In the 
waf^ holder plate 832 and lead into the relatively 
enlarged annular mounting channel 843 and Ihe annu- 4S 
lar recess 840. C3uick<ilsoonned hoses 844 ooi^e Ihe 
flukf source 838 to the inlets 842 to provide a fUd 
thereta TTie vacuum port 841 is preferably attached to a 
vacuum4»'essure pumping system 858 adapted to 
selectivBly supply a pressure or create a vacuum at a so 
backside of the substrate 821. THe pumping system 
859, shown in Figure 12, comprises a pump 845, a 
cross-cv^' valve 847, and a vacuum ejector 849 (com- 
monly known as a ventun*). One vacuum Rector that 
may be used to advantage In the present Invention is ss 
available fmm SMC Pneumatics, Inc.. of Indianapolis, 
IncOana. The pump 845 may be a oommerdally availa- 
ble compressed gas source and is coppled to one end 



of a hose 851 , the other end of the hose 851 being cou- 
pled to the vacuum port 841. The hose 851 is spfit into 
a pres^e line 853 and a wcuum line 855 having the 
vacuum Rector 849 disposed therein. Fluid flew is con- 
trolled by the cross-over valve 847 whteh selectively 
switches communication with the punp 845 between 
the pressure line 853 and the vacuum line 855. Prefara- 
Uy, the cross-over valve has an OFF settlr^ virhereby 
fluid is restricted from flowing in either direction through 
hose 851. A shut-off valve 861 disposed In hose 851 
prevents ftiad from ftowing from pressure ine 855 
upstream through the vacuum ejector 848. The desired 
direction of fluid f tow is indicated by arrows. 
PNMS] Persons skilled in the art will readily appreci- 
ate other arrangements which do not depart from the 
spirit and ^ope of the present invention. For example, 
where the fluid source 638 Is a gas supply it may be 
coupled to hose 851 thereby elin^nating the need for a 
separate compressed gas supply. pump 845. Fur- 
ther, a separate gas supply and vacuum punp may sup- 
ply the baclGide presnjre and vacuum ooncfittons. 
Whie it IS preferable to aDow for both a badoEkie pres- 
sure as well as a backside vacuum, a simpliied embod- 
iment may comprise a pump capable of si^splyfng only 
a backside vacuum. However, as wil be escplained 
below. deposMton unHbrmlly may be improved where a 
backside pressure is prarided during processing. 
Therefore, an arrangement such as the one described 
above including a vacuum ejector and a cnass-CMr 
valve is prefeired. 

10048] Referring now to Figures 12A and 14, a sub- 
stantially circular ring-shaped manifoW 846 is disposed 
in the annular recess 840. TTie manffokl 846 comprises 
a mounting rail 852 disposed between an Inner ^loukler 
848 and an outer shoulder 850. The mounting rail 852 is 
adapted to be at least partially Inserted Into the annular 
mounting cfwinei 843. A plurality of fluid outlets 854 
fDmned In the manMoM 846 provkie communkstkvi 
between the inlets 842 and the bladder 836. Seals 837, 
such as O^ngs, are disposed in ihe annular manifoU 
channel 843 In alignment wKh the Inlet 842 and outlet 
854 and secured tf the wafer holder plate 832 to 
ensure an airtight seal. Conventtonal fastenere (not 
shown) euch as acrews may be ueed to secure the man- 
Hbki 846 to the wafer hoMer plate 832 via cooperating 
threaded bores (not shown) formed in the rr«nifdd 846 
and the wafer holder plate 832. 
I0O5O] Refening now to F^ure 15. the bladder 836 
is shown, in section, as an elongated substantially semi- 
tubular piece of material having annular lip seals 856, or 
nodules, at each edge, in Figure 12A. the lip seals 856 
are shown dispoeed on the inner shoulder 848 and the 
outer shouMeraso. A portkm of the bladder 836 e com- 
pressed against the walls of the anm^ recess 840 1^ 
the manifokfl 846 whteh has a width sGghtly 1^ (e.^. a 
few miliimetere) than the anmter recess 840. Tlve, the 
manifokt 846, the bladder 836, and the annular receiss 
840 cooperate Id form a fluM-iight seal. To prevent i\M 
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1068, the bladder 836 is preferably comprised of some 
fluid Impervious material such as silicon nik)ber or any 
corrparBble elastomer which Is chemicatly Inert witti 
respect to the electrolyte and exhibits reOable elasticity 
Where needed a oompliant covering 857 may t>8 dis- 
posed over the bladder 836, as shown in Figure 15, and 
secured by means of an adhesive or thermal bonding. 
TTie covering 857 preferably comprises an elastomer 
such as Viton™, buna rubber or the like, which may be 
reinforced by Kevlar™, for exarrpla In one embodi- 
ment the covering 857 and the bladder 836 comprise 
the same material. TTie covering 857 has particular 
applicaticn where the bladder 836 is liable to rupturing. 
Alternatively, the bladder 836 thickness may simply be 
increased during Hs manufacturing to reduce the likeli- 
hood of puncture. 

[0051] The precise number of inlets 842 and outlets 
854 may be varied according to the particular applica- 
tion without deviating from the present Invention. For 
example, whfle Rgure 12 shows two inlets with corre- 
spondng outlets, an atternatlve embodiment could 
empfoy a single fluid irdet which supplies fluid to the 
bladder 836. 

[0052] in operalton. the substrate 821 is introduced 
into the container body 802 by securing it to the lower 
sida of the wafer holder plate 832. This Is accomplished 
engaging the pumping system 159 to evacuate the 
space b^ween the substrate 821 and the wafer holder 
plate 832 via port 841 thereby creating a vacuum condi- 
tion. The bladder 836 is then inflated by supplying a fluid 
such as air or water from the fluid source 838 to the 
inlets 842. TTie fluid is delivered into the bladder 836 via 
the manifold outlets 854, thereby pressing the substrate 
621 uniformly against the contacts of the cathode con- 
tact ring 466. The electroplating process is then earned 
out An electrolytB is then pumped into the process kit 
420 toward the substrate 821 to contact the exposed 
sut}StrBte plating surface 820. The power supply pro- 
vides a negative bias to the substrate plating surface 
820 via the cathode contact ring 46a As the electrolyte 
is flowed across the substrate plating surface 820. kms 
in the electrolytic solution are attracted to the surface 
820 and deposit on the suiface 620 to form the desired 
film. 

[0053] Because ol Hs fleodbllrty. the bladder 836 
deforms to accommodate the asperities of the substrate 
backade and contacts of the cathode contact ring 466 
thereby mitigating misalignment with the conducting 
cathode contact ring 466. The compliant bladder 836 
presents the electrolyte from contaminating the back- 
side of the substrate 821 by establishing a fluid tight 
seal at a perimeter portion of a backside of ttie sub- 
strate 821. OnoB inflated, a uniform pressure is deliv- 
ered downward towaid the cathode contact ring 466 to 
achieve substantially equal force at all points where the 
substrate 821 and cathode contact ring 466 interlace. 
The force can be varied as a fiffictkin of the pressure 
supplied t]y the f luU source 838. Furtiier, the effecliva- 



ness of the bladder assembly 470 is not dependent on 
the configuration of the cathode contact ring 466. Fdr 
example, whQe Figure 12 shows a pin configuratlcn hav- 
ing a plurality of discrete contact points, the cathode 

5 oontact ring 466 may also be a continuous suftaca 
[0054] Because the force dePivered to the subdrate 
621 1^ the bladder 636 Is variable, adjustments can be 
made to the curent flow suppOed by the contact ring 
466. As descrit^ed above, an axide layer may form on 

10 the cathode oontact ring 466 and act to restrict current 
flow. However, increasing the pressure of the bladder 
836 may counteract the cun-ent fkiw restrtotfon due to 
oxidation. As the pressure is increased, the malleable 
oxkfe layer is compromised and superior contact 

75 between the cathode contact ring 466 and the sut)6trate 
821 results. The effectiveness of the bladder ^ in this 
capacity may be further Improved by altering the geom- 
etry of the cathode contact ring 466. f=br example, a 
knife-edge geometry Is likBly to penetrate the ODdde 

20 layer more easily than a dull rounded edge or flat edge. 
[OOSq Additionally, the fluid tight seal provided by 
the Inflated bladder 836 alows the pump 845 to main- 
tain a backside vacuum or pressure either seiectively a 
continuously, t}efbre, durir^, and after processing. Gen- 

25 eraily, however, the pump 845 is run to maintain a vac- 
uum only during flie transfer of substrates to and from 
the electroplating process cell 4O0 because it has been 
found that the bladder 836 is capable of maintaining the 
backskie vacuum condition during processing without 
continuous pumping. TTuis, while inflating the bladder 
836, as described above, the badcskle vacuum condi- 
tion is simultaneously refieved by disengaging the 
pumping system 859, e.g.. selecting an OFF position 
on the cross-over valve 847. Disengaging the pumping 

35 system 859 may be abrupt or comprise a gradual proc- 
ess whereby the vacuum condition is ramped down. 
Ramping allows for a controDed exchange b^een the 
inflating bladder 836 and the simultaneously decreasing 
backsKle vacuum condition. This exchange may be oon- 

40 trolled manually or by computer. 

[0056] As described above, continuous badcsfoe 
vacuum pumping while the bladder 836 is inflated is not 
needed and may actually cause the substrate 820 to 
budde or warp leading to undesirable deposition 

45 results. It may, however, be desirable to provkie a back- 
side pressure to the substrate 820 In order to cause a 
"bowing" effect of tiie substrate to be processed. The 
Inventors of tire present invention have discovered that 
tMwing results in superior deposition. Thus, pumping 

so system 859 is capable of selectively providing a vacuum 
or pressure condition to the substrate backside. Few a 
200mm wafer a backside pressure up to 5psi is prefera- 
ble to bow the substrate. Because substrates typically 
exhibit some measure of pliability, a backskJe pressure 

55 causes the substrate to bow or assume a convex shape 
relative to the upward flow of the electrolyta The degree 
of bowing Is variable according to the pressure supplied 
by pumping system 859. 
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[0057] Those skaied in the art wQl reatOy recoghue 
other embodimente which are contemplated by the 
present Invention. For example, while Figiire 12A shows 
a prefen^ed bladder 836 having a surface area sufficient 
to cover a relatively snnan perimeter portion of the sub- 
strate backside at a dian^eter substantially equal to the 
cathode contact ring 466, the bladder assembly 470 
may be geometricafly varied. Thus, the bladder assem- 
bly may be constructed using more fluid impervious 
material to cover an Increased surface area cf the sub- 
strate 821. 

[0058] Referring back to Rgure 6, a cross sectional 
view of an electroplaling process cell 400. the wafer 
holder assembly 450 Is po^oned above the process Mt 
420. TTie process kit 420 g^erally comprises a bowl 
430, a container body 472, an anode assembly 474 and 
a filter 476. Preferably, the anode assembly 474 Is dis- 
posed bek)w the container body 472 and attached to a 
lower portion of the container body 472. and the fDter 
476 is disposed between the anode assembly 474 and 
the oontalner body 472. The container body 472 is prel- 
eraUy a cylindrk^l body comprised of an electrically 
insulative material, such as c&amics, plastics, plex- 
iglass (acrylic), lexane, PVC, CPVC, and PVDR Alter- 
natively, the container body 472 can be made from a 
metal, such as stainless steel, nicksl and fHanium, 
virhich is cc^ted with an insulalir^ layer, such as teflon, 
PVDF, plastto, rubber and other combinations of n^tteri- 
als that do not dissolve in the electrolyte and can be 
electrically insulated from the electrodes (/.e.. the 
anode and cathode of the electroplaling system). The 
container body 472 is preferably sized and adapted to 
oonfbmi to the wafer plating surface and the shape of 
the ol a wafer being processed through the system, typ- 
ically circular or rectangular in shape. One pr^en-ed 
errtxxliment of the container body 472 comprises a 
cylindrical ceramic tube having an inner diameter that 
has about the same dimension as or slightly larger than 
the wafer diameter. The inventors have discovered that 
the rotational movement typically required in typical 
electroplating systems is not required to achieve unl- 
fbrm plating results when the size of the container body 
conforms to about tiie stee of the wafer plating surface. 
[0059] An upper portion of the container body 472 
extends radiaily outwardly to form an annular weir 478. 
The weir 478 extends over the inner wall 446 of the 
electrolyte cofiector 440 and allows the electrolyte to 
f k3w Into the electrolyte collector 440. TTie upper surface 
of the weir 478 preferably matches the lower surface of 
the cathode contact ring 466. Preferably, the \^spm sur- 
face of the weir 478 includes an inner annular flat por- 
tion 480, a middle inclined portion 482 and an outer 
declined portion 484. When a wafer Is positioned In the 
processing positton, the wafer plating surface is posi- 
tioned above the cyDndrical opening of the container 
body 472, and a gap for electrolyte fbw formed 
between the lower surface of the cathode contact ring 
466 and the upper surface of the weir 47a The tower 



surface of the cathode contact ring 466 is exposed 
cteve the inner flat portion 480 and the micUle incGned 
portion of the weir 478. Ttie outer dedned portion 484 
is sloped downwardly to facilitate flow of the electrolyte 
0 Mo the electrolyte ooDedDr 440. 

[0080] A lower portion of the container body 472 
flDctends radially outwardly to fomn a lower annular 
flange 486 for securing the container body 472 to the 
bowl 430. The outer dimension (ile, circumference) of 

10 theannularflange486lssmallerthanthedimenslonsof 
the opening 444 and ttie inner drcumfer&ice of the 
electrolyte ooDector 440 to aOow lamoval and replace- 
ment of the process Wt 420 from the electroplating proc- 
ess oell 400. PrefeiBbly; a plurality of bote 488 are 

16 fixedly disposed on the annular flange 486 and extend 
downwardly through matching bolt hdee on the bowl 
430. A plurality of renrxnmble fastener nuts 490 secure 
the process kit 420 onto the bowl 430. A seal 487, such 
as an eta^omer 0-rlng, Is disposed between container 

20 body 472 and the bowl 430 ratf ally inwardly from the 
bons 488 to prevent leaks from the process kit 420. TTte 
nuHstbdtto oombinatton facilitBtes fast and easy removal 
andiepiacementofthe components of the proceee Mt 
420 during maintenance. 

25 IP061] Preferably, the filter 476 is attached to and 
completely covers the lower opening of the container 
body 472, and the anode assembly 474 is dfeposed 
below the filter 476. A ^>ac& 492 is disposed b^ween 
the fOter 476 and the anode assent^y 474. Preferably, 

30 the filter 476, the spacer 492, and the anode assembly 
474 are fastened to a lower surface of the container 
txxJy 472 using removable fasteneiB. such as screws 
and/or bolts Altematively. the f liter 476, the spacer 482, 
and the anode assembly 474 are rernovably secured to 

as the bowl 430. 

[0062] Tfie anode assembly 474 preferably com- 
prises a consumable anode ttat servee as a metal 
source In the eledroiytB. Attemativeiy, the anode 
assembly 474 comprises a non-consunr«ble anode, 

40 and the metal to be electrop^ed is supplied within the 
electrdyte from the eledroiytB replenishing system 600. 
As shown in Rgure 6, the anode assembly 474isa6elf- 
endosed module having a porous anode enctosure 494 
preferably made of the same as the metal to be 

45 electroplated, such as copper. Alternatively, the anode 
enclosure 494 Is made of porous materials, such as 
ceramks or polymeric membianea A soluble metal 
498. sudi as high purity copper for eledro-chemteal 
deposition of copper, is di^>osed within the anode 

so endosure 494. The soliisle metal 496 preferably com- 
prises metal particles, wires or a perforated sheet The 
porous anode enclosure 484 also acts as a filter that 
keeps the particulates generated by the dissolving 
metal within the anode enctosure 494. As compared to 

ss a non<x>nsumable anode, the consumable (/.e.. solu- 
ble) anode provkles gas-generaliorvfiree electrolyto and 
minimizes the need to constantly replenish the metal In 
IheelectrolytB. 
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[006^ An anode electrode contact 496 is inserted 
into the anode enclosure 494 to provide electrical con- 
nection to the soluble metai 496 from a power supply. 
Preferably, the anode electrode contact 498 ^ made 
from a conductive material that is insoluble in the eleo- $ 
trolyte, such as titanium, platinum and platinum-coated 
etalnlesa steel. The anode electrode oontact 498 
extends through the bowl 430 and Is connecfced to an 
electrical power supply. Preferably, the anode electrical 
conlBCt 498 includes a threaded portion 497 for a fas- 
tener nut 499 to secure the anode electrical contact 498 
to the laowi 430, and a seal 495, such as a elastomer 
washer, is disposed between the fastener nut 499 and 
the bowl 430 to present leaks from the process kit 420. 
[0084] The bowl 430 generally comprises a cylindri- is 
cal portion 502 and a bottom portion 504. An uppa* 
annular flange 508 extends radially outwardly from the 
top of the cylindrical portion 502. The upper anrular 
flange 506 Includes a plurality of holes 508 that matches 
the number of boils 468 from the lower annular flange 20 
486 of the container body 472. To secure the upper 
annular flange 506 of the bowl 430 and the lower annu- 
lar flange 486 of the ocmtainer body 472, the bolts 488 
are inserted throu^ the lv>les 508. and the fastener 
nuts 490 are fastened onto the bolts 488. Preferably, the 2s 
outer dimension (/.e.. circumference) of the upper annu- 
lar flange 506 is about the same as the outer dimension 
(/.a, drcumfeience) of the lower annular flange 
486. Preferably, the lower surface of the upper annular 
flange 506 of the bowl 430 rests on a support flange of so 
the mainframe 214 when the process Ht 420 Is posi- 
tioned on the mainframe 214. 
[006q The inner circumferenoe of the cylindrical 
portion 502 accommodates the anode assembly 474 
and the filter 476. Preferably, the outer dimensions of ss 
the fBler 476 and the anode assembly 474 are slightly 
smaller than the inner dimension of the cyfindrical por- 
tion 502 to Ibrce a substantial portion of the eledrolyte 
to flew through the anode assembly 474 first before 
flowing through the filter 476. The bottom portion 504 of 40 
the bowl 4S0 includes an electrolyte inlet 510 that con- 
nects to an electrolyte supply line from the electrolyte 
replenishing system 22Q. Preferably, the anode assem- 
bly 474 is disposed about a middle potion of the cytindrn 
cal portion 502 of the bowl 430 to provide a gap for 4s 
electrolyte flow between the anode assembly 474 and 
the electrolyte inlet 510 on the bottom portion 504. 
[006Q The electrolyte inlet 510 and the electrolyte 
supply line are preferably connected by a releasaUe 
connector that fBcilhates easy removal and replacement so 
of the process kit 420. When the process kit 420 needs 
maintenance, the electrolyte is drained from the proc- 
ess kit 420, and the electrdytB fkiw in the electrolyte 
supply fine is cfiscontinued and drained. The connector 
for the electrolyte supply line Is released from the elec- ss 
trolyte inlet 510, and the electrical connection to the 
anode assembly 474 Is also dis c onnected. The head 
assembly 410 Is raised or rotated to provide clearance 



tor removal of the pn^cess kit 420. The process kit 420 
ie then removed lirom the mainframe 21 4. and a new a 
recondMoned process Ht Is replaced Into the mainframe 
214. 

100671 AHematively; the bowl 430 can be secured 

onto the support flange of the mainframe 214, and the 
container body 472 along with the anode and the fitter 
are removed for maintenance. In this case, the nuts 
securing the anode assembly 474 and the container 
body 472 to the bowl 430 are removed to fecilltate 
removal of the anode assembly 474 and the container 
body 472. New or reconditioned anode assembly 474 
and contains body 472 are then replaced into the main- 
frame 21 4 and secured to the bowl 430. 
[0068] Figure 16 is a schematic diagram of an elec- 
trolyte replenishing system 600. The electrolyte replen- 
ishing ^stem 600 generally oomprlses a main 
electrolyte tank 602, one or more titer tanl« 604. one or 
more source tanks 608, one or more flukl pumps 608. 
Tlie electrolyte replenishing system 600 is connected to 
a controller 610 for contrdGng the oonposltion of Ihe 
electrolyte and the operation of the electrolyte replen- 
ishing system 600. Preferably, the controller 610 is inde- 
pendentty operable but integrated with the control 
system 222 of the electroplating system platform 200. 
[0069] The electrolyte replenishing system 600 pro- 
vides the electrolyte to the electropteting pn>cese celle 
tor the el^ropiatlng procesa The electrolyte replenish- 
ing system 600 as shown in Figure 16 Is the same as 
the electrolyte r^lenishing system 220 as shown in Rg- 
ures 2 and a The main eleclrolyte tank 602 Includes an 
electrolyte supply Gne 612 that is connected to each of 
the electroplating process celte through one or more 
flutd pumps 60a The electrolyte replenishing system 
600 includes a pkiraOty of source tanks that are con- 
nected to the mah tank 602 to supply the chenrfcals 
needed for composing the electrolyte. The source tante 
typically include a detonlzed water source tank and cop- 
per sulfate source tank tor oompoeing the electratyte. 
The deionized water source tank pr^eraUy aleo pro- 
vides deionized water to the system for dearnng the 
system diAir^ maint^^uice. 
[007tq The electrolyte replenishing system 600 also 
indudee a plurality of filter tanks 604 connected to the 
main tank 602. Preferably, an electrolyte return line 614 
Is conneded betvraen eadi of the process cdls and one 
or more filter tanks 604. The filter tanks 604 remove the 
undesired contents in the used electrolyte t^efore return- 
ing the electrolyte to to main tank 602 for re-usa The 
main tank 602 Is preferably connected to one or more of 
the filter tanks 604 to fadlitate re^rcutalion and fatra- 
tion of the electrdyte in the main tank 602 thnxigh to fil- 
ter tanks 604. By re-circulating the electrolyte from to 
main tank 602 through the filter tanks 604, the unde- 
sired contents In the electrolyte are continuously 
removed by the filter tante 604. 
[0071] Preferably to electrolyte replenishing system 
600 indudes a Ghemteal analyzer 61 6 that provUes real 
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time chemical analyeis of itie chemical oompoeition of 
the electrolyte. THe information from the chemical ana- 
lyzer 61 6 Is inputted to the controller 61 0 whidi uses ttie 
information to provide time adjustment of the 
source chemical replenishment rates to maintain con- 
etant chemical compoeition of the electrolyte thioughout 
the electroplating process. AddWonally; the cherriiGBl 
analyzer preferably provides an analysis of organic and 
inorganic constituents of the electrolyte. 
[0072] The electrolyte replenishing system 600 
preferal)ly also includes one or more additional tante for 
storage of chemicals for wafer cleaning system, such as 
the SRD station. The electrolyte replenishing system 
600 also Includes an electrolyte waste drain 620 con- 
nected to an electrolyte waste disposal system 622 for 
safe disposal of used electrolytes, chemicals and other 
fluids used In the electroplating system. Preferably, the 
electroplating cells include a direct me connection to 
the electrolyte waste drain or the electrolyte waste ds- 
posal system to drain the electroplating ceO without 
returning the electrolyte ttvough the electrolyte replen- 
ishir^ system 600. TTie electrolyte replenishing system 
600 pref^aUy also includes a bleed off connection to 
bleed off excess electrolyte to tiie electrolyte waste 
drain. Optionaly, the electrolyte replenishing system 
600 includes connections to additiorul or external eleo- 
troiyte pnoces^ng sytim to provide additional electro- 
lyte supplies to tiie electroplating system. Preferably, 
the electrolyte replenishing system 600 Includes dou- 
ble-contained piping tor hazardous material connec- 
tions to provide sal^ transport d the chemlcale 
throughout the system. The electrolyte replenishing 
system 600 preferably controls the temperature of the 
electrolyte tivough a heat exchanger 624 or a 
heats'/chiller disposed in tiiermal connection with the 
main tank. The heat exchanger 624 Is connected to and 
operated Iv the controller 610. 
I0O73] Figure 17 Is a cross sectional view of a rapid 
thmnal anneal chamber aoconing to the invention. The 
rapid ttiemial anneal (RfTi^ chamber 21 1 is preferably 
connected to the loading station 210. and substrates 
are tiansforred into and out of tiieRlA chamber 211 by 
the loading stetion tran^r robot 228. The electroplating 
system, as shown in Figures 2 and 3. preferably com- 
prises two HTA chambers 211 disposed on opposing 
sides of the loading station 210, corresponding to tiie 
symmetric design of the loading station 210. Thermal 
anneal process chani)ers are generally wefl known In 
the art, and rapM thern^l anneal chambers are typically 
utilized In sitetrate processing systenns to enhance the 
pnsperties of tiie deposited materials. The invention 
contemplates utffizing a variety of tiiermal arvieal cham- 
ber designs. Including hot plate designs and heat larrf) 
designs, to enhance tiie electroplating results. One par- 
ticular thermal anneal chamber useM for tiie present 
invention is tiie WxZ <^iamber available from Applied 
materials, Inc.. located In Santa Ctara. California. 
AHhough the Invention is described using a hot plate 



rapid tiiermal anneal chamber, ttie invention contem- 
plates application dottier themial anneal chambers as 
well. 

(Q074] The FTTA chamber 21 1 generally comprises 

6 an enctosure 902. a heater plate 904. a healer 907 and 
a plurality of substrate support pins 906. The enctosure 
902 Includes a base 908, a sUewail 910 and a top 912. 
Preferably, a cdd plate 913 is deposed betow tiie top 
912 of tiie enclosure. AltemaSvaly, tiie coM plate Is Inte- 

10 grally fonmd as part of the top 912 oftiie endosure. 
Prefersdsly, a reflector insiriator dish 914 is dis p o s e d 
inside tiie enclosure 902 on tiie base 908. The reftodor 
insulator dish 91 4 is typically made from a meters such 
as quartz, alumina, or other material that can wtthstarKi 

15 high temperatures {ie„ greater ttian about S00**C). and 
act as a tiienral insulator between the heater 907 and 
tiie endosure 902. The dish 914 may also be coated 
with a reflective material, such as gold, to direct heal 
back to tiie heater plate 906. 

^ I007S] The heater plate 904 preferably has a large 
mass compared to the 8Ut)stFBte t>eing processed In the 
system and Is preferably fabricated from a nrwterf^ 
as silicon cariaide. quartz, or other materials tiiat do not 
react witii any antient gases in tiie RTA chambo^ 211 

2s or witti tiie substrate maiaial. The heater 907 typically 
comprlsea a reslsflvB heating element or a conduo- 
tive/ratSam heat soiice and is disposed b^ween the 
heated plate 906 and tiie r^lector insulator dish 914. 
The heater 907 Is connected to a power source 916 

30 which supplies ttie eneigy needed to heat tiie heater 
907. Preferably, a tiiermocouple 920 Is dbpoeed In a 
conduit 922. (ti9)086d tiirough tiie base 908 and ditih 
914. and extends intotiieheater ptate 904. The tiiermo- 
ooi^e 920 is connected to a oontroller (/.a, tha system 

X comroier described below) and supplies temperature 
measurements to tiie oontrdler. The oontroller then 
incloses or decreases ttie heat siwlied by tiie heater 
907 according to the temperature measuremente and 
ttie desired anneal tenperature 

40 10076] Ihe enclosure 902 pr^rably includes a 
coding member 918 cfisposed outside of the endosure 
902 in tiiermal contact witfi tiie sidewall 91 0 to cod tiie 
endosure 902. AtternaUvely, one or more coding chan- 
nels (not shown) are fonned witiiin the eidewall 910 to 

4B contrdtiietenrperatureof tiie endosure 902. The odd 
plate 91 3 disposed on ttie Inskle surface of the top 91 2 
coote a substrate tiiat is positioned in ctose prcMiiity to 
tiie GoM plate 913. 

[9077] The FnA chamber 211 indudee a slit valve 
BO 922 dispel on tiie sUewall 910 of the endosure 902 
for taolitating transfers of substrates into and out of tiie 
RTA chamber. The dil valve 922 selectively eeals an 
opening 924 on tin sidewall 910 of tiie endosure tiiat 
communicates witii tiie loading station 210. The toading 
SB station transt^ robot 228 (see Figure 2) transfers sub- 
strates into and out of the RTA chamber through tiie 
opening 924. 

10078] Ihe substrate support pins 906 preferably 
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comprise distally tapered memberB constructed torn 
quartz, alumimim oxide, silicon caitide, or other high 
temperature resistant materials. Each substrate support 
pin 906 is disposed within a tubular conduit 926, prefer- 
ably made of a heat and oxidatton resistant material, 5 
that extends through the heater plate 904. The 6ul> 
stFBte support pins 906 are connected to a lilt plate 928 
for mcving the substrate support pins 906 In a unifDnn 
manner. The lift plate 926 is attached to an to an actua- 
tor 930, such as a stepper motor, through a lift shaft 932 7a 
that moves the lift plate 928 to fadlitale poehioning of a 
substrate at various vertical positions within the RfTA 
chamber. The lift shaft 932 extends through the base 
908 of the enclosure 902 and is sealed by a sealing 
flange 934 disposed around the shaft 15 
[OOTq To transfer a substrate into the FTTA chamber 
211 . the slit valve 922 is opened, and Ihe loadir^ station 
transfier robot 228 extends its robot blade having a sub- 
strate positioned thereon through the opening 924 into 
the RIA chant>er. The robot blade of the loading station 20 
transfer robot 228 positions the substrate in the FHA 
chanter above the heater plate 904, and the substrate 
support pine 906 are extended upwards to lift the sub- 
strate above the robot blade. The robot blade then 
retracts out of the RTA cl-mmber. and the slit valve 922 ss 
closes Ihe opermig. The subsbate support pins 906 are 
then retracted to lower the substrate to a desired dis- 
tance from the heater plate 904. Optionally, the sub- 
strate support pins 906 may retract fully to place the 
substrate in direct contact with the heater plate. aa 
[00^ Preferably, a gas inlet 936 is disposed 
through the sidewal 910 of the enclosure 902 to allow 
selected gas flow Into the RIA chamber 211 during the 
anneal treatment process. The gas inlet 936 is con- 
nected to a gas source 938 through a valve 940 for con- 35 
trolling the flow of the gas into the FTTA chanter 211. A 
gas outlet 942 is preferably disposed at a lower portion 
of Ihe sidewail 910 of Ihe endosure 902 to exhaust the 
gases in the FTTA chamber and is preferably connected 
to a relief/icheck valve 944 to prevent backstreamlng of 40 
almoqpherB from outside of the chamber. Optionally, 
the gas outet 942 is connected to a vacuum pump (not 
shown) to exhaust the RflA chamber to a desired vac- 
uum level during an anneal treatment 
[0081] Aooording to the Invention, a substrate Is 4s 
annealed In the RTA chanter 21 1 after Ihe substrate 
has been ^ectropiated in the electroplating ^11 and 
cleaned in the 8RD station. Preferably, the RTA chanfh 
ber 211 is maintained at about atmospheric pressure, 
and the oxygen content inside the RTA chamber 21 1 is so 
controlled to less than about 100 ppm during the anneal 
treatment process. Preferably, the ambient environment 
inside the RIA chamber 2 1 1 comprises nitrogen (^^ or 
a combination of nitrogen (N2) and lees than about 4% 
hydrogen {H2}. and Ihe anri^ient flow Into the RTA ss 
chanter 21 1 is maintained at greater than 20 litersAnm 
to oontrolihe oxygen content to less than 100 ppm. The 
eleclroplatBd substrate is preferably annealed at a tsnrh 



perature between about 200 ''C and about 450^ for 
between about 30 seconds and 30 minutes, and more 
preferably, between about 250 ""C and about 400^0 for 
between about 1 minute and S minutes. Rapid thermal 
anneal processing typl(»l}y requires a temperature 
increase of at least 50**C per second. To provide the 
required rate of temperature increase for the substrate 
during the anneal treatment, the heater plats Is prefsra- 
bly maintained at between about 3^C and about 
450^, and the substrate is preferably positioned at 
b^ween about 0 mm {Le., contacting the heater plate) 
and about 20 mm from the heater plate Ibr the duration 
of Ihe anneal treatment process. Preferably, a control 
system 222 controls the operation of the RIA chamber 
21 1 , Including maintaining the desired ambient environ- 
ment in the RfiA chamber and Ihe temperature of Ihe 
heater plata 

[0082] After Ihe anneal treatment process is com- 
pleted, the substrate support pins 906 lift the substrate 
to a position lor transfer out of the RTA chamber 211. 
The slit valve 922 opens, and the rdtxft blade of Ihe 
loading station transfer robot 228 is extended into the 
RTA chamber and positioned below the substrate. The 
substrate support pdns 906 retract to lower the substrate 
onto the robot blade, and the robot blade then retracts 
out of the RIA chamber. The loading station transfer 
robot 228 then transfers the processed substrate into 
the cass^e 232 for removal out of the electroplating 
processing system, (see Figure 2 and 3). 

Referring back to Figure 2, the electroplating 
system platform 200 Includes a control system 222 that 
controls the functions of each componertt of the plat- 
form. Prefbrably. the oontrol system 222 is mounted 
above the rriainfrarne 2 1 4 and comprises a progranvna- 
ble microprocessor. The programmable micrcproceesor 
Is typically programmed using a software designed spe- 
cif icaliy tor controlling all con^^onents of the electroplat- 
ing system plalform 200. The control system 222 also 
provides electricai power to the components of the sys- 
tem and includes a control panel 228 that aOows an 
operator to monitor and operate the electroplating sys- 
tem pteofonn 200. The control panel 223, as tiiown in 
Figure 2. is a stand-alone module that is oonnectsd to 
the control ^stem 222 through a cable and provides 
sasy access to an operator. GeneraDy, the control sys- 
tem 222 coordinates the operations of the loading sta- 
tion 210, the RTA chamber 21 1, the SRD station 212. 
the mainframe 214 and the processing stations 216. 
Additionally, the control system 222 coordinates with 
the controller of the electrolyte repleni^ng system BOO 
to provide the eiedrdyte for the electroplating process. 
[0084] The ibDowing is a description of a typical 
wafer electroplating prooess sequence through the 
electroplating system platform 200 as shown in Rgure 
2. A waf^ cassette containing a pluraDty of waters Is 
loaded into the wafer cassette receiving areas 224 in 
Ihe loading station 210 of the electroplating system plat- 
form 200. A loading station transfer robot 228 pidcB up a 
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wafier from a wafer alot in the wafer caaeette arxj placea 
the wafer in the wafer orientor 230. TTie vwafer orientor 
230 determines and orients the wafer to a desired orien- 
tation for procee^g through ihe system. Ihe loading 
station transfer rolsot 228 then transfers Ihe oriented 
wafer from the wafer orientor 230 and poaitlona ihe 
wafer in one of the wafer slots in Ihe wafer pass-through 
cassette 238 in the SRD station 212. The mainframe 
transfer robot 242 picl« up the wafer from the wafer 
pass-lhrough cassette 238 and positions the wafer for 
transfer by the flipper robot 248. The flipper robot 248 
rotates its robot Uade below the wafer and picks up 
wafer from mainframe transfer robot biada TTie vacuum 
suction gripper on the flipper robot blade secures the 
wafer on the flipper robot blade, and the flipper rcbol 
flips the wafer from a face up position to a face down 
position. The flipper rcbol 248 rotates and positions Ihe 
wafer face down in the wafer holder assembly 450. The 
WBfte is positioned below the wafer holder 464 but 
dbova the cathode contact ring 466. TTie flpper robot 
248 then releases the wafer to portion the wafer into 
the cathode contact ring 466. TTie wafer holder 464 
moves toward the wel^ and the vacuum chuck secures 
the wafer on the wafer holder 464. The bladder assem- 
bly 470 on the waf^r holder assembly 450 exerts pres- 
sure against the wafer bad^ide to ensure electrical 
contact between the wafer plating surface and the cath- 
ode contact ring 466. 

[0085] The hrad assembly 452 lowered to a 
processing position above the process Kit 420. At this 
position the wafer Is below the upper plane of the weir 
478 and contacts Ihe electrolyte contained in the proc- 
ess kit 420. TTie power si^sply is activated lo supf:^ 
electrical power (/.a, voltage and current to the cath- 
ode and the anode to enable the electroplating process. 
The electrolytB is typcally continually pumped Into the 
process kit during the electroplating process. The elec- 
trical power suppGed to the cathode and the anode and 
thefk)w of the electrolyte are controlled by the control 
system 222 to achieve the desired electroplating 
resuHs. 

[QOee] Alter the electroplating process is com- 
pleted, the head assembly 410 raises the wafer hokler 
assembly and removes the wafer from the electrolyta 
The vwxium chuck and the bladder assentsly of the 
wafer hoMer release the wafer from the wafer hokier. 
and the wafer holder is raised to allow the flipper robot 
blade to pkk up the processed wafer from the cathode 
contact ring. TTie flipper robot rotates the flipper robot 
blade above the backskJe of the processed wafer In the 
cathode contact ring and picks up the wafer using the 
vacuum suctton gripper on the flipper robot trfade. The 
fl|)per robot rotates Ihe flipper robot blade wHh Ihe 
wafer out of the wafer hoMer assembly flips the wafer 
from a tace^iown position to a face-i^ position, and 
positions the wafer on the mainframe transfer robot 
blade. TTie mainframe Iransf^ robot then transfare and 
posHions the processed wafer above the 8RD module 
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236. The SRD wafer si^^port lifts the waler. and the 
mainframe transfer robot blade retracts away from the 
SRD module 236. The vmter Is cleaned hi the SRD 
module using deionized water or a comb i n a tion of 

0 deionized water and a cleaning flukf as described In 
d^ail above. The wafer is then positioned for transfer 
out of the SRD modula The toacBng station transfer 
robot 228 picks ip the wafer from the SRD module 236 
and transfers the processed wafer into the RTA cham- 

70 bar 211 for an anneal treatment process to enhance the 
properties of the deposited materials. The annealed 
waferl8lhen1rBnsfen^edoutoftheRTAGhannber211 by 
the loading station robot 228 and plaoed back into the 
wafer cassette for removal from the electroplating sys- 

75 tem. TTie above<lescribed sequence can be carried out 
for a plurality of wafiers substantially simultaneously in 
the electroptating system platform 200 of Ihe present 
invention. Also, the electroplating system according to 
the Inventton can be adapted to provide multi-stack 

so wafer processing. 

[0087] WHIe the foregoing is direded to the pre- 
ferred embodiment of the present inventton, other and 
further em bodiment s of the inventioh may be devised 
without departing from the bade scope thereof. The 

25 scope of the invention is determined by the claims 
whtehlblkMr. 

Claims 

so 1. An efedro-chonical depoatton system, comprie- 
Ing: 

a) a neMrame haEving a mainframe waf^ 
transfer robot; 

^ b) a loading station disposed in connection with 

the malnfremei 

c) one or more processing cells disposed In 
connectk)n with the mainframe; 
d|) an electrolyte supply Ituidly connected to the 
4o one or more electrical proceesingcelle; 

e) a spffiHiree^ (SRD) chante dfeposad 
between the loading station and the main- 

. frame; and 

f) a thermal anneal chamber disposed adjacent 
45 the toading station. 

2. The system of daim 1 wheran the thermal arvi^ 
chanri>er comprises a rapid thennal anneal cham- 
ber having a healer plate. 

BO 

3. The system of dann 2 wherein the heater plate 
comprises an atmospheric pressure heater plate. 

4. The system ofdaiml, further oonvr^ng: 

55 

e) a system controli er adapted to control oper- 
attons of one or more components of the eleo- 
tro-chenniGai deposHton system. 
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5. The system of daim 4, wherein the thermal anneal 
chamber further comprises a gas irHet adapted to 
introduce one or more gases into the thermal 
anneal chamber. 

6. The system of daim 5 wherein the system control- 
ler controls the gas inlet to the chant}er to provide 
a chamber environment having an cat^en content 
of less than 100 parts per mlliioa 

7. The system of daim 6 wherein the gas inlet is con- 
nected to a nitrogen gas source to introduce nitro- 
gsn into the diamber. 



The i^fstem of claim 6 wherein the gas inlet is con- 75 
nected to a nitrogen gas source and a hydrogen 
gas source to introduce nitrogen and hydrogen into 
the chamlMr, wherein the hydrogen content is 
nnalntained at less than about 4%. 



The system of daim 1 wherein the loading station 
comprises: 



10 



so 



i) one ormore wafer cassette receiving arras; 

ii) one or nx^re loading station wafier transfer ss 
robots for tran^erring a wafer between the 
loading station and the SRD station and 
b^iveen the loading station and the themial 
anneal chamber; and 

iiOawaferorientor. 30 



so 



ss 
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Fig. 4 



336 



337a 




20 



EP1037263 A2 




EP1037263 A2 




22 




23 



EP1037283 A2 




EP10372G3A2 




Fig. 12A 
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